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uhvxowv vxjjhvw wkdw orqj0whup dxfwlrqv iru wudqvplvvlrq fdsdflw| duh qrw qhfhvvdulo|
suhihudeoh wr uhjxodwru| dssuryhg fdsdflw| h{sdqvlrq1
MHO> G77/ O<8/ O8/ G<51
Nh|zrugv= Dxfwlrqv/ Jdv/ Lqyhvwphqw/ Qhwzrunv/ Uhjxodwlrq1
 W?|hL_U|L?
U|L?t @hi @ UL44L? 4i|L_ Lu h@|L??}  i_ @?_ tU@hUi hitLhUit Aih ti @t @
4i@?t Lu _i|ih4??} @?_ @**LU@|?} u|hi _i4@?_t t @ hi*@|i*) ?i _i@c Liih
U@Mi i| @* do @?|UT@|i |i ?L|L? |@| @U|L?t 4}| tUUittu**) @**LU@|i h}|t
Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Fdpeulgjh/ Vlgjzlfn Dyhqxh/ Fdpeulgjh FE6 <GH/
XN1 Zh zdqw wr wkdqn Gdylg Qhzehu| iru h{whqvlyh dqg khosixo glvfxvvlrqv dqg Sdxo Mrvnrz iru klv
frpphqwv1 Zh wkdqn Wudqvfr Sof1/ Jrwwolhe0Gdlpohu Irxqgdwlrq dqg wkh Hfrqrplf dqg Vrfldo Uhvhdufk
Frxqflo +dzdugv U7553336763: dqg U33356;896, iru uhvhdufk vxssruw1

|L u|hi ?i|Lh! @UUitt @?_c ? ML| i*iU|hU|) @?_ }@t |ihi t _tUttL? Lu @?_ T*@?
??} |L@h_t |i ti Lu @U|L?t uLh }_?} U@T@U|) ?it|4i?|t ‘|? Bhi@| h|@?
@U|L?t @i Mii? ti_ t?Ui 5iT|i4Mih bbb |L h@|L? i?|h) h}|t |L |i ?@|L?@* }@t
|h@?t4ttL? t)t|i4 Ai i*iU|hU|) @?_ }@t hi}*@|Lhc u}i4c @t ?L ThLTLti_ |@| u
|hi ?it|4i?|t ? |i ?i|Lh! Mi _hi? M) |i L|UL4it Lu *L?}ih |ih4 @UUitt @U|L?t
‘|? |i UL?|i | Lu @U|L? |iLh) i?|h) h}|t |L |i }@t ?i|Lh! t @ 4*|?| ThL_U|
uLh U M__iht @i 4*|?| _i4@?_t @?_ @*@|i_ @*it W? tU @? i?hL?4i?|
iUi?U) @?_ hii?i 4@ 43@|L? Lu|i? _L ?L| UL?U_i #@t}T|@ @?_ @t!? dSo
_ihi t|hU| UL?_|L?t ?_ih U iUi?| @**LU@|L?t U@? Mi @Uii_ ? |t ti||?} u
L?i @**Lt M_t |L Mi UL?|?}i?| L? |i M_t Lu L|iht OLiihc aii* @?_ L*_L@?
d.o tL |@| iUi?| 4*|LMiU| @U|L?t | UL44L? @*it _L ?L| i t| ? }i?ih@*
,Ui?U) U@? L?*) ThLi 4Lhi i*ti u |i M__?} i?hL?4i?| t i |i?_i_ |L ?U*_i
u|hi _i4@?_t
U#@?i* @?_ iLg d2o _tUtt U@?}it ? |i @UUitt hi}4i |L |i @|L?@* Ah@?t4t
tL? 5)t|i4 EA5 @?_ |i ti Lu tLh| |ih4 @U|L?t uLh i?|h) U@T@U|) Ai) UL?U*_i
|@| |i tLh| |ih4 @U|L?t @i tL u@h Mii? tUUittu* | hitTiU| |L @ ?4Mih Lu 4i|hUt
?U*_?}G @?|UT@|L? Lu tTL| ThUitc hi_U|L? Lu UL?t|h@?| @**i@|L? ULt|tc @?_ hi?|
U@T|hi W? |t T@Tih Lh uLUt ** Mi L? |i *L?} h? @tTiU|t Lu |i @U|L? @TThL@U
W?it|4i?| _iUtL?t ? ih|U@**) _t?|i}h@|i_ ?i|Lh! ?_t|hit @hi M@ti_ L? 4TihuiU|
_iUi?|h@*3i_ ?uLh4@|L? ? LMiU|i Lu |i @U|L? L*_ Mi |L @}}hi}@|i |i ?_
_@* _i4@?_t @?_ Th@|i ?uLh4@|L? Lu M__iht tL |@| |i ?i|Lh! L?ih U@? 4@!i
Mi||ih Thi_U|L?t @ML| |i ?ii_ uLh U@T@U|) T}h@_it |L |i ?i|Lh! | |i t@4i |4ic
|ihi hi4@?t |i LMiU|i Lu i?th?} tUi?| UL4Ti||L? ? }@t tTL| 4@h!i|t h
hit*|t tL |@| |iti LMiU|it ?|ih@U| | |i ThL_U| Mi?} @U|L?i_ ? tU @ @)
|@| ML| U@??L| t4*|@?iLt*) Mi @Uii_ Ai hit*|t U@? Mi _hiU|*) |h@?tuihhi_ |L
^it|L?t Lu U@T@U|) i T@?tL? ? i*iU|hU|) ?i|Lh!tc U ihi ThiLt*) TihuLh4i_
M) hi}*@|i_ 4L?LTL*itc TL|i?|@**) M@ti_ L? 4@h!i| t}?@*t @t t}}it|i_ M) +ih dHo
Lh wi@|ih dfo t?i** @?_ 5|Lu| dDo tL |@| ? @ UL4Ti||i i?hL?4i?| |h@_@M*i
UL?}it|L? UL?|h@U|t U@? ThL_i tUi?| ?Ui?|it uLh ?it|4i?| h @?@*)tt t}}it|t
|@| uLh @ ?L?4iti_ ?i|Lh! 4@h!i| TLih U@? t}?U@?|*) _t|Lh| U@T@U|) ?it|4i?|
At t i4ThU@**) tTTLh|i_ M) M_@*@ @?_ @4ML*i)hL? do @?_ ?_ihtL? d2oc tL
?} |@| hhitTiU|i Lu |i TLt|i uh@4iLh! ?L t}?U@?| ?it|4i?| ? |h@?t4ttL?
?i|Lh!t @_ Mii? TihuLh4i_ ? h}i?|?@c |L Lh !?L*i_}i |i L?*) UL?|h) |@| @_
4T*i4i?|i_ Th@|i }h_ U@T@U|) i T@?tL? M) bbb
At hi4@?_ih Lu |t T@Tih t Lh}@?3i_ @t uL**LtG tiU|L? |L _tUttit |i uh@4iLh!
uLh Lh 4L_i* Mi}???} | @ _itUhT|L? Lu |i A5( tiU|L? |hii Thiti?|t |i 4L_i*
4D jrrg vxppdu| ri wkh hduo| hyroxwlrq lv jlyhq e| Dupvwurqj/ Frzdq dqg Ylfnhuv ^6`1
2
@?_ _tUttit |i TL|i?|@* UL?ti^i?Uit uhL4 |i ti Lu *L?}|ih4 @U|L?tc @?_ tiU|L?
uLh UL?U*_it
2 6h@4iLh!
2 Ai }@t TTi*?i ?i|Lh!
6}hi  **t|h@|it |i 4@? }@t TTi*?i ?i|Lh! ? Lh|ih? ,hLTi Lt| ?_ih@|ih
TTi*?it t|@h| uhL4 }@t i*_t @?_ |h@?tTLh| }@t Lu _gihi?| UL?tt|i?Uit |@| @t |L Mi
ThLUitti_ @| |i Mi@U MiuLhi | U@? Mi ?tih|i_ |L |i @|L?@* Ah@?t4ttL? i|Lh!
Ai Nk t hitTL?tM*i uLh DDI TihUi?| Lu Lh| 5i@ }@t ThL_U|L? |@| U@? Mi hL}*)
U*@tti_ @t i| @?_ _h) }@t i*_t ‘i|}@t t ThL_Ui_ ? |i Lh|ih? i*_t |@| @hi
?|ihUL??iU|i_ |L 5| 6ih}tc @?_ U@? Mi UL?t_ihi_ @ M)ThL_U| Lu Uh_i L* ThL_U|L?
AihiuLhi ThL_Uiht _L ?L| @TThiU@|i @_t|?} |i L|T| |L 4@|U _i4@?_ Ai L|ih
i*_t @hi _h)}@t i*_tc U L?*) ThL_Ui ?@|h@* }@tc @?_ U@? |ihiuLhi Mi @_t|i_
Mi||ih |L @UUL44L_@|i ti@tL?@* @h@|L?t ? }@t _i4@?_
Ai 6h}} TTi*?i @t ?|@**) UL?t|hU|i_ |L @**L }@t uhL4 |i NkLhi}@? 6h}} i*_
|L Mi |h@?tTLh|i_ |L |i Nk Ai 6h}} Ahi@|) Lu bb. @**Li_ |i t@}i Lu |i TTi*?i
|L 4TLh| }@t ?|L |i Nk uhL4 @__|L?@* Lhi}@? }@t i*_t M) ?|ihUL??iU|?} | |
L|ih TTi*?it @?_ t?} | uLh ?i }@t i T*Lh@|L?
Ai Nki*}4 ?|ihUL??iU|Lhc LTi?i_ ? U|LMih bbHc @t ?|@**) T*@??i_ |L @**L
uLh i TLh|t Lu Nk }@t |L |i UL?|?i?|c M| t @*tL ti_ L? tLU@**i_ hiihti Lt uLh
4TLh|t ?|L |i Nk _h?} ?|ih Ti@! _i4@?_ NT}h@_it Lu UL4ThittL? u@U*|it @hi
T*@??i_ uLh 2ff2 |L ?Uhi@ti |i hiihti L U@T@U|) AL uh|ih ?|ihUL??iU|Lht @hi
ti_ uLh i TLh|t |L Whi*@?_ Bi? |i *ii* Lu @Mt|h@U|L? Lu |i Uhhi?| t|_)c i t4T*)
U*@ttu) |i4 @t @__|L?@* _i4@?_ L? |i A5
Aihi @hi t 4@Lh Mi@U |ih4?@*t ? Bhi@| h|@? ihi }@t t T| ?|L |i A5 6i
Lu |iti |ih4?@*t @hi L? |i i@t|UL@t|G 5| 6ih}tc Aiit_ic ,@t?}|L?c Ai__*i|LhTi
@?_ @U|L?( |i *@t|c @hhL t L? |i it|UL@t| 5| 6ih}t ? 5UL|*@?_ @?_ @U|L? ?
|i tL|i@t| @hi |i 4Lt| ti_ i?|h) |ih4?@*t L? |i ?i|Lh! Ai 4TLh|@?Ui Lu 5|
6ih}t t U@? Mi tii? M) LMtih?} |i ?4Mih Lu }@t TTi*?it L?} uhL4 |ihi ?|L
|i Lh| 5i@ @U|L? t *!iti UL??iU|i_ |L @ ?4Mih Lu 4@Lh TTi*?itc M| 4Lhi
4TLh|@?|*)c | t |i U*Ltit| |ih4?@* |L |i ?|ihUL??iU|Lh *?!?} Bhi@| h|@? |L |i
UL?|?i?| @ ~iiMh}}i ? i*}4 Ai @U|L?t uLh tLh||ih4 h}|t |L i?|ih }@t L?|L
|i A5 Mi}@? ? 5iT|i4Mih bbb @?_ Lh}?@**) L?*) ?U*_i_ |iti t Mi@U |ih4?@*t

6}hi G B@t Ti*?it Lh|ih? ,hLTi ELT)h}| *@||tc 2ff
Ai tMti^i?| @U|L?t @*tL ?U*_i_ @ ?4Mih Lu L?tLhi i*_tc t|Lh@}i @?_ UL?t|h@?i_
wB u@U*|it
Ai A5 ? |i Nk UL??iU|t |i }@t *@?_?} u@U*|it @?_ t|Lh@}i u@U*|it |L }@t Ut
|L4iht #i4@?_ uLh |h@?t4ttL? tihUit t L*@|*i Lih |i )i@h @?_ U@T@U|) t U@T|@*
?|i?ti 4@!?} | ?iUi?| |L ThL_i uLh @ ?i|Lh! |@| U@? t@|tu) @** |h@?t4ttL?
hi^it|t ih |i *@t| )i@ht *@?_?} }@t @| |i 5| 6ih}t |ih4?@* ? 5UL|*@?_ @t |i
4Lt| UL?t|h@?i_c | Uhhi?|*) M?_?} UL?t|h@?|t ? 5UL|*@?_ @| Mih_ii?c Lg@| :
‘L**ih @?_ khhi4h
22 , t|i?Ui Lu @h!i| Lih
6}hi 2 tLt |i _t|hM|L? Lu }@t ThL_U|L? @4L?} 4@Lh T*@)iht Ai }hi t}}it|t
|@| Lih@** UL?Ui?|h@|L? t ?L| |LL }c M| Ah@?tUL _LU4i?|t ?_U@|i |@| tiih@*
|ih4?@*t L? |i ?i|Lh! @hi L?*) ti_ M) @ t4@** ?4Mih Lu ThL_Uiht E|i i |hi4i
U@ti Mi?} @| @hhL ihi |ihi t itti?|@**) L?*) L?i ThL_Uih M)?} U@T@U|) h}|t
L?t*|@|L? _LU4i?| eH tLt Dh4 UL?Ui?|h@|L? h@|Lt Mi|ii? SDff TihUi?|
uhL4 a*) bbH |L a?i bbb2
5Wudqvfr Uhylvhg Frqvxowdwlrq Uhsruw rq SF7;/ Phwkrgrorj| iru ghwhuplqlqj rru sulfhv iru dxfwlrqv
ri prqwko| hqwu| fdsdflw|/ Wudqvfr Sof1 Vhswhpehu 4<<<1
e
Centrica&BG
BP
ExxonMobilShell
Conoco
TotalFinaElf
Rest
6}hi 2G 5@hi Lu Nk }@t ThL_U|L? E5LhUiG wi@_?} Nk B@t hL_Uihtc *@||t bbH
Ai UL?Uih? @ML| |i igiU| Lu 4@h!i| TLih ? |i Tt|hi@4 4@h!i| t 4hhLhi_ ? @
hiUi?| UL?t*|@|L? _LU4i?| M) |i #iT@h|4i?| Lu Ah@_i @?_ W?_t|h) Ai ht| tti |L
Mi @__hitti_ @t i|ih Tt|hi@4 4ih}iht @i hit*|i_ ? LihUL?Ui?|h@|L? Lu }@t
L?ihtTdDo W? Lh 4L_i* i @tt4i tL4i 4@h!i| TLih ? ThL_U|L?
2 @T@U|) @**LU@|i_ ? *L?}|ih4 @U|L? @?_ 4@h!i| i?|h)
‘i @tt4i |@| @ ThLTLh|L? Lu |h@?t4ttL? U@T@U|) t |L Mi |i*_ uhL4 |i *L?}|ih4
@U|L? @?_ @**LU@|i_ ? tTL| 4@h!i|t Ai ?|@* ThTLti Lu hi|@??} U@T@U|) h}|t uLh
|i tTL| 4@h!i| t |i Uhi@|L? Lu @ *^_ tLh||ih4 4@h!i| @?_ |L i?thi |@| i?|h@?|t
U@? LM|@? @UUitt h}|t @| |i 4@h!i| U*i@h?} ThUi ,?|h) hi^hit tTL| 4@h!i|t MiU@ti
ui i?|h@?|t L*_ @i u?_t |L i?_hi tii? )i@ht uhL4 |i *L?}|ih4 @U|L? ?|* |i)
U@? _i*ih |i ht| }@t ?@*)tt Lu UL4Ti||L? ? |i i*iU|hU|) ?_t|h) M) iMih)
deo tLi_ |@| i?|h) @?_ |i |hi@| Lu i?|h) @hi itti?|@* |L Thii?| } ThUit W?
|i *L?}|ih4 @U|L? |t L*_ 4T*) |@| @__|L?@* h4t ** hi}t|ih |L T@h|UT@|i
u |i) @?|UT@|i |@| |i @*i Lu |i U@T@U|) UL?|h@U|t |i) LM|@? ** Mi @MLi |i
tTL| ThUi W? @ Lh*_ | TihuiU| ?uLh4@|L?c ?L ?Uih|@?|) @?_ |L| |h@?t@U|L?
ULt|t |t ThLUitt L*_ 4|}@|i 4@h!i| TLih @?_ hi_Ui |i ?iUi?U) Lu |i @U|L?
t}?@*
u}i4 ThLTLti_ |@| Ah@?tUL ThL_i tUi?| U@T@U|) tU |@| 2D TihUi?| Lu |L|@*
@UUitt h}|t ** Mi @U|L?i_ ? |i tTL| 4@h!i| ‘i ** hiuih |L @??@*c 4L?|*)
@?_ _@*) @U|L?t @t tTL| 4@h!i|t ? UL?|h@t| |L |i *L?}|ih4 @U|L? | @ t}}it|i_
tii? )i@h Lh3L? h 4L_i* tLt |@| |i ThLTLh|L? Lu U@T@U|) hitihi_ uLh |i
tTL|4@h!i| @t t}?U@?| 4T*U@|L?t uLh iUi?U) Ahi@| Lu i?|h) 4}| ?Uhi@ti
iUi?U)c M| i?|h@?|t u@Ui |L LMt|@U*it 6ht|c i?|h) t _U*| u @ tii?)i@h Lh3L?
6Orqj whup vljqdov dqg lqfhqwlyhv iru lqyhvwphqw lq wudqvplvvlrq fdsdflw| rq Wudqvfr*v Qdwlrqdo Wudqv0
plvvlrq V|vwhp/ Pdufk 53341
D
t hi^hi_ MiuLhi |i ht| T@)M@U! L? ?it|4i?|t U@? Mi i TiU|i_ At _U*|) ** Mi
hiiU|i_ ? } U@T|@* ULt|t Lh ? _U*|) i?th?} |i }@h@?|iit hi^hi_ i? t}??}
*L?}|ih4 UL?|h@U|t 5iUL?_c i?|h@?|t @i *itt ?uLh4@|L? @ML| |i 4@h!i| t|@|L?
|@? ?U4Mi?|t Ai) @i *itt ?uLh4@|L? @ML| U U@T@U|) h}|t @hi ThL|@M*i |L
LM|@? @?_ U @hi ?L| ,?|h@?|t @hi |ihiuLhi 4Lhi U@|Lt ? T@h|UT@|?} ? *L?}
|ih4 @U|L?t |@? ?U4Mi?|t |@| Mi@i UL4Ti||i*) ‘i @tt4i |ihi t @  i_ ULt|
hi^hi_ uLh @?) T@h|UT@?| |L @U^hi ?uLh4@|L? @?_ 4@?|@? |i |h@_?} U@T@M*|it
|L T@h|UT@|i ? *L?}|ih4 @U|L?t At igiU|i*) *4|t |i ?4Mih Lu tTTiht t?}
|i ?i|Lh! @?_ Thii?|t L?*) @ |iLhi|U@**) ui@tM*i TihuiU| @hM|h@}ie
Ai @tt4T|L? Lu U@T@U|) @**LU@|L? ? |i tTL| 4@h!i| 4@!it TLttM*i @ *^_ tTL|
4@h!i| uLh |h@?t4ttL? h}|t @**L?} @?) tTTih |L LM|@? |h@?t4ttL? h}|t @| |i
4@h!i|U*i@h?} ThUi ** tTTiht ** @*i |i h}|t |i) ThU@ti_ ? |i *L?}|ih4
4@h!i| @| |i ThUi |i) UL*_ LM|@? ? |i tTL| 4@h!i| 5TTiht | *L?}|ih4 UL?
|h@U|t @hi 4Lhi _i|@Ui_ uhL4 U@T@U|) tTL| ThUit( Liihc u t}?U@?| |h@_?} L*4i
t TihuLh4i_ ? |i tTL| 4@h!i|c |i? @** tTTiht ** ti| ThUit ? |i _L?t|hi@4 4@h!i|
ULhhitTL?_?} |L tTL| ThUit hhitTiU|i Lu |ih uLh@h_ UL?|h@U|t Oi?Ui @** tTTiht **
?U*_i |h@?t4ttL? @| |i tTL| 4@h!i|U*i@h?} ThUi ?|L |i hit@*i ThUi
 t4*@h t|@|L? U@? Mi LMtihi_ ? |i ?|ih?@|L?@* L* 4@h!i| Ah@?t?@|L?@*t *!i
4LUL @?_ LM* E|L} ?L| ,  L? @hi !?L? |L i_}i ThUit Lu ML| |ih Uh_i
tTT*it @?_ Ti|hL*i4 ThL_U|t Ai t)t|i4 i?@M*it Ti|hL*i4 UL4T@?it |L Thi_U|
@?_ i?thi hi?ih) 4@h}?t uLh |i )i@h @i@_D WhhitTiU|i Lu |i i_}?} t|h@|i}) |i
h4t ** |h@_i Ti|hL*i4 ThL_U|t ULhhitTL?_?} |L |i tTL| 4@h!i| ThUi  ** ti**
}@tL*?i @| |i t@4i ThUi @t ,  L?c hhitTiU|i Lu LM*i<t i_}?} t|h@|i})
6}hi  tLt |@| 4L?|*) @U|L? ThUit E@U|L?i_ ? S4L?*) |h@?Uit |Ui Tih
)i@h @hi }LL_ ?_U@|Lht uLh tTL| ThUi _gihi?Uit Mi|ii? |i Mi@U @| 5| 6ih}t @?_
|i @|L?@* @*@?U?} L?| #i@|L?t U@? Mi i T*@?i_ M) ?uLh4@|L? hii@*i_ @u|ih
|i t 4L?|t @U|L? E5ii d2o W?_t|h) tLhUit t}}it| |@| _@*) tTL| ThUit @hi
? *?i | |i L|ih |L ?_U@|Lht tL? ? |i }hi W? Lh 4L_i* uLh *L?}|ih4
@U|L?t i ** t44@h3i _@*) @?_ 4L?|*) U@T@U|) @U|L?t @t tLh| |ih4 @U|L?t
‘i uh|ih4Lhi @Mt|h@U| uhL4 ti@tL?@* @h@|L?t Lu @@*@M*i |h@?t4ttL? U@T@U|) @?_
_i4@?_c |i igiU|t Lu U U@? Mi LMtihi_ ? 6}hi  W? *L?}|ih4 @U|L?t |i
ti@tL?@* U@T@U|) @h@|L?t @hi @__hitti_ M) U@T@U|) h}|t | @ ti@tL?@* ThL*i
7D vklsshu lv dq|rqh zkr kdv d olfhqvh wr sxw jdv lqwr wkh qhwzrun> dovr/ dq| surgxfhu zkr odqgv jdv
dw rqh ri wkh qrghv rq wkh qhwzrun1
8Pdgkxplwd Fkdnuderuw|= H{shuw jurxs vljqdov irud| lqwr rlo ixwxuhv/ Ilqdqfldo H{suhvv/ Wxhvgd|/
Pdufk 54/ 5333/ vhh dovr ^49`1
S
02
4
6
8
10
12
14
p/
th
e
rm
1. October 1. April 1. October 1. April 1. October
1999 2000 2000 2001 2001
1. April
2002
Monthly auction
... of difference
between NBP-St.
Fergus spot price
Monthly average
Weekly average
6}hi G L?|*) @ih@}i_ ThUi _gihi?Ui Mi|ii? _@)@i@_ tTL| 4@h!i| uLh }@t @|
5| 6ih}t @?_ @|L?@* @*@?U?} L?| @?_ i}|i_ @ih@}i ThUit T@_ ? @U|L? uLh
4L?|*) i?|h) h}|t
2e @T@U|) i T@?tL?
‘i @tt4i |i |h@?t4ttL? LTih@|Lh @?_ |i hi}*@|Lh L?|*) _i|ih4?i |i M__?}
ThLUi_hi @?_ |@| |i hi}*@|Lh U@? ti ?Ui?|i tUi4it |L 4L|@|i |i hi}*@|i_ 4L
?LTL*t| |L 4T*i4i?| @?) ThLUi_hi 6Lh |i ?|@* 4L_i* |i ThLUi_hi t U@h@U|ih3i_
M) |i T@h@4i|ih rc |i uh@U|L? Lu |L|@* U@T@U|) @**LU@|i_ ? |i uLh@h_ @U|L?c @?_ |i
hitihi ThUic oc U i^@*t @ uh@U|L? Lu |i 4@h}?@* ULt| Lu i T@?tL?c fHS ‘i @tt4i
|@| @__|L?@* U@T@U|) t @@*@M*i @| UL?t|@?| ULt|t S Tih ?| Lu U@T@U|) i T@?tL?( ?
hi@*|) tU@*i igiU|t t@**) 4T*) |@| ?it|4i?| t L?*) TihuLh4i_ u @ t}?U@?| @4L?|
Lu i |h@ U@T@U|) t hi^hi_ Ai ULt|c Sc U@? Mi |L}| Lu @t |i *L?} h? 4@h}?@* ULt|
Ew+ Lu i T@?_?} |i ?i|Lh! |L 4ii| i TiU|i_ _i4@?_ }hL|S
u}i4<t Uhhi?| ThLTLt@* uLh |i *L?}|ih4 @U|L? i?t@}it M?_*i_ t|hTt Lu D )i@h
U@T@U|) Lh ?M?_*i_ t|hTt Lu  )i@h tihit Lu U@T@U|) |L Mi @U|L?i_.  tLh| |4i
Lh3L? @t |i _t@_@?|@}i |@| tTTiht U@? M_ uLh } ^@?||it tL |@| i Uitt
9Sulru wr wkh lqwurgxfwlrq ri fdsdflw| dxfwlrqv vklsshuv sdlg QWV xvh ri v|vwhp fkdujhv frqvlvwlqj ri
frpprglw| dqg fdsdflw| ihhv1 Wkh frpprglw| ihh zdv d dw xqlw udwh> wkh fdsdflw| ihhv ydulhg ghshqglqj
rq wkh hqwu| dqg rwdnh qrghv rq wkh qhwzrun dqg zhuh fdofxodwhg e| Wudqvfr rq wkh edvlv ri wkh OUPF ri
dffrpprgdwlqj d vxvwdlqhg lqfuhdvh lq ghpdqg ehwzhhq v|vwhp qrghv1 +Vhh Wudqvfr*v Whq |hdu Vwdwhphqw
4<<; iru d ghvfulswlrq ri wkh OUPF fdofxodwlrq= kwws=22zzz1wudqvfr1xn1frp,
:Rijhp= Wudqvfr*v Qdwlrqdo Wudqvplvvlrq V|vwhp V|vwhp Rshudwru lqfhqwlyhv 53350533:/ Ilqdo Sur0
srvdov/ Ghfhpehu 5334
.
U@T@U|) ** i t| @?_ tMti^i?| @U|L? ThUit ** Mi *L  *L?}ih |4i Lh3L? @t
ThLTLti_ M) tL4i hitTL?_i?|t |L |i UL?t*|@|L? ThLUitt Thiuih@M*) ULhhitTL?_?} |L |i
*ui |4i Lu |i ?it|4i?|c UL*_ Thii?| tU Mi@Lh M| L*_ Uhi@|i h}_|) ? |i
t)t|i4 Wu L?i ThL_Uih @?|UT@|i_ } L|T| _h?} |i ?|@* )i@ht @?_ @ tiUL?_
ThL_Uih L?*) @tt4i_ }ih ThL_U|L? ? tMti^i?| )i@ht |i? |ih ?ii_t L*_ ?L|
Mi 4@|Ui_ ? |i *L?}|ih4 @U|L? ?i UL*_ 4@}?i tUi?@hLt ihi ML| M_ uLh
U@T@U|) hit*|?} ? i Uitti ?it|4i?| Lh @*|ih?@|i*) ihi ?i|ih M_t hit*|?} ?
?_ih?it|4i?|
2D U|L? _it}? U@**i?}i
U|L?t uLh @UUitt |L |i }@t ?i|Lh! _i@|i uhL4 @ t|@?_@h_ t?}*i ?| @U|L? |
@*@|i_ @*it ? i t}?U@?| @)tG ht| 4*|T*i ?|t Lu @UUitt h}|t @hi Lgihi_ uLh
i@U |ih4?@* 5iUL?_ @UUitt h}|t uLh tiih@* |ih4?@*t @hi @U|L?i_ UL?Uhhi?|*) @?_
|i @*i @||hM|i_ |L |i h}|t M) @ tTTih @| L?i |ih4?@* _iTi?_t L? |i ThUi |L Mi
T@_ @| L|ih |ih4?@*tH Ah_ |i ?4Mih Lu @UUitt h}|t tti_ uLh @ |ih4?@* _iTi?_t
L? |i ^@?||) hi^hi_ @| L|ih |ih4?@*tc MiU@ti 4Lt| U@T@U|) UL?t|h@?|t @hi ?L| @|
|i |ih4?@* M| ? |i ?i|Lh!c @?_ |ihiuLhi Ah@?tUL @t tL4i i M*|) @t |L U
|ih4?@* |L @**LU@|i |i U@T@U|) 6Lh|c *L?}|ih4 @U|L? hit*|t _i|ih4?i ?it|4i?|
? U@T@U|) i T@?tL? 5Ui?| U@T@U|) }it @ tTTih |i i M*|) |L i T@?_ u|hi
L|T| Mi)L?_ |i *ii* i UL?|h@U|i_ ? |i *L?}|ih4 4@h!i| 6u|c |i @U|L?iih t
?L| Th4@h*) ?|ihit|i_ ? 4@ 43it @U|L? hii?i uLh |i hi}*@|i_ 4L?LTL*t|c M|
?t|i@_ U@hit @ML| UL4Ti||L? ? ThL_U|L? @?_ tTT*) @?_ tiUh|) @?_ iUi?U) Lu
}@t tTT*)
5Mti|t Lu |iti _i@|L?t uhL4 @ t4T*i @U|L? tUi |L i?thi |@| |i @U|L? t ?
}i?ih@* ?L| iUi?| +i}@h_?} TL?| |L aii* @?_ L*_@@? d.o tL |@| u t}?@*t
uLh M__iht @hi 4*|_4i?tL?@* Ei}c Th@|i ?uLh4@|L? @ML| i TiU|i_ ThL_U|L?
@| _gihi?| TLttM*) 4*|T*i |ih4?@*t |i? u** iUi?U) t ? }i?ih@* ?L| @Uii_
+i}@h_?} TL?|t uLh @?_ i aii*c L*_L@? @?_ 5|@UUi|| dHo tL |@| | i |ih
?@*|it t|@?_@h_ @U|L?t *LLti 4@?) Lu |ih @TTi@*?} ThLTih|it @?_ |iti ThLTih|it
U@? ?L| Mi hi?t|@|i_ M) tMti^i?| hi|h@_?}
U!?L*i_}?} |@| @? iUi?| _it}? t |iLhi|U@**) ?ui@tM*i uLh |i UL?|i | i UL?t_ih
|i U@**i?}i t ?L |L ?_ |i *i@t| M@_ tL*|L? W? U#@?i* @?_ iLg d2o i @h}i
@?_ **t|h@|i | t|LhU@* i Tih4i?|t |@| tLh||ih4 @U|L?t uLh i?|h)h}|t @hi @?
;Lq IFF dxfwlrqv iru udglr vshfwuxp frpsdqlhv ydoxh vshfwuxp edvhg rq zkhwkhu wkh| rewdlq vshfwuxp
lq qhljkerulqj uhjlrqv ru zkhwkhu whfkqrorj| dssolhg e| surylghu lq qhljkerulqj uhjlrq lv frpsdwleoh zlwk
rzq whfkqrorj|1
H
@TThLTh@|i 4iU@?t4 |L ThL_i @UUitt |L |i ?i|Lh! @| |4it Lu tU@hU|) ‘i ?L
@ttitt L |i @__|L?@* UL4T*U@|L?t Lu @ *L?}|ih4 @U|L? U@?}i |i hit*|
Ai @?@*)tt t t4T*i_ M) |i u@U| |@| @ t}?U@?| ThLTLh|L? Lu @UUitt h}|t @hi
@**LU@|i_ ? |i tLh| |ih4 4@h!i| @?_ |@| h}|t @hi _i?i_ @t ti | Lh *LLti | h}|t
At 4@!i @ *^_ tTL| 4@h!i| TLttM*i @?_ Thii?|t |L*_?} Lu U@T@U|) |L ?i?Ui
4@h!i| L|UL4it ? |i tTL| 4@h!i| ** UL4T@?it ** |ihiuLhi @*i |ih h}|t M@ti_
L? |i tTL| 4@h!i| @*it @?_ @?) _gihi?Ui Mi|ii? |i tTL| 4@h!i| ThUit @?_ |i ThUi
Lu *L?}|ih4 UL?|h@U|t hiThiti?| @ t?! ULt| | *||*i 4T@U| L? |i UL4Ti||L?b
2S hhi?|*) _tUtti_ Nk @U|L? _it}?
AL LTi? i?_i_ @U|L? _it}?t @i Mii? ThLTLti_ uLh |i Nk M) |i hi}*@|Lh u}i4f
Ai ht| _it}? t @ T@)@tM_ @U|L? ihi @** M_t @hi @UUiT|i_ U @hi i|ih tT
TLh|i_ M) i t|?} U@T@U|) Lh uLh U |i *Lit| M_ t t|** } i?L} |L T@) uLh |i
ULhhitTL?_?} U@T@U|) i T@?tL? Ai tiUL?_ _it}? t @? |ih@|i @TThL@U ihiM)
Ah@?tUL @??L?Uit ThUit |@| @hi ?Uhi@ti_ ?|* |i U@T@U|)c U tTTiht M_ uLh
@| |i @??L?Ui_ ThUic UL?U_it | |i i t|?} U@T@U|) Wu 4Lhi |@? |i i t|?}
U@T@U|) t hi^hi_ @| ThUi S |i? | t @tt4i_ |@| Ah@?tUL ** i T@?_ |i ?i|Lh! |L
@UUL44L_@|i _i4@?_
‘i? M__iht ? @? @U|L? @i @*@|i_ @*it Ei}c |i @*i |L @?) L?i M__ih t
ULhhi*@|i_ |L |i @*it Lu L|ih M__ihtc |i? M__?} t i TiU|i_ |L Mi 4Lhi UL?tih@|i
hi*@|i |L |i U@ti ? U M__iht @i Th@|i @*it At t MiU@ti T@h|UT@?|t ui@h
|i ??ih<t Uhti( ic T@)?} |LL 4U uLh |i LMiU| 6hL4 *}hL4 @?_ ‘iMih do
i !?L |@| LTi? @U|L?t @hi }i?ih@**) Thiuih@M*i |L ti@*i_M_ @U|L?t i? |ihi
@hi UL44L? @*itc MiU@ti |i L|Uh) ThLUitt *i@_t |L 4Lhi @}}hitti M__?} Ai
?||L? Mi?_ |t hit*| t |@| |i LMtih@|L? Lu i? L|iht _hLT L| Lu |i @U|L?
E@?_ i?Ui |i ?uLh4@|L? |t hii@*t @ML| |ih @*it hi_Uit |i TLttM*|) |@| |i
??ih ** T@) |LL 4U uLh |i LMiU| L?ihti*)c |i LTi? L|Uh) ThLUitt 4@) 4@!i
UL**ti t|h@|i}it ui@tM*i
*tL UL?|h@h) |L Th@|i @*i @U|L?tc ?Uhi@t?} |i ?4Mih Lu M)iht ? UL44L? @*i
@U|L?t U@? _iUhi@ti ?t|i@_ Lu ?Uhi@ti |i i TiU|i_ hii?i uLh |@| ti**ih A@| tc
?Uhi@t?} |i ?4Mih Lu M__iht U@? *i@_ |L 4Lhi UL?tih@|i M__?} i? @*it @hi
<Wkh 6J dxfwlrqv lq Hxursh vkrz wkdw dxfwlrq ihhv zklfk dsshdu wr eh vxqn frvwv qhyhuwkhohvv fdq
lqxhqfh vxevhtxhqw ghflvlrqv1 Zh lqgluhfwo| lqfrusrudwh wkhvh hhfwv e| dvvxplqj d {hg frvw fl ri
sduwlflsdwlqj lq wkh orqj0whup dxfwlrq/ zklfk uhgxfhv frpshwlwlyhqhvv ri wkh orqj0whup pdunhw1
43Orqj whup vljqdov dqg lqfhqwlyhv iru lqyhvwphqw lq wudqvplvvlrq fdsdflw| rq Wudqvfrv Qdwlrqdo Wudqv0
plvvlrq V|vwhp/ Rijhp/ Pdufk 53341
b
ULhhi*@|i_ Ai u@U| |@| )L ? @? LMiU| ? UL44L? @*i @U|L?t t}}it|t |L )L
|@| )L *!i*) T@_ |LL 4U t?Ui )L Mi@| iih)L?i i*ti Ai 4Lhi M__iht UL4Ti|?}
@}@?t| )Lc |i 4Lhi *!i*) )L @hi |L Mi Uhti_ u )L ? Aiti hit*|t t}}it| @
|h@_i Lg Mi|ii? ?Uhi@t?} UL4Ti||L? L? |i L? @?_c @?_ Thii?|?} |i ??iht
Uhti L? |i L|ih
‘i Mi*ii |@| |i ti@*i_M_ ti^i?|@* @U|L?c Uhhi?|*) @TT*i_ uLh |i @**LU@|L?
Lu 4L?|*) @UUitt h}|tc ihi M__iht @hi }i? uii_M@U! Mi|ii? hL?_tc 44Ut |i
ThLTih|it Lu |i LTi? L|Uh) @U|L? Ai ?uLh4@|L? LM|@?i_ Mi|ii? hL?_t @**Lt
tTTiht |L *i@h? @ML| |i @*it Lu L|ih M__iht @?_ |ihiuLhi _iUhi@tit |i U@?Ui |@|
|i) ** Mi tMiU| |L |i ??ih<t Uhti vi|c u |ihi t 4@h!i| TLih @| @? i?|h) TL?|c
4*|T*i hL?_t U@? tihi |L 4@?|@? UL**tL?
 uh|ih ThTLti Lu 4*|T*i hL?_t t |L }i tTTiht tL4i i M*|) uLh |h@_iLgt
Mi|ii? _gihi?| |ih4?@*t 54*@h |h@_iLgt @hi ThL_i_ uLh ? N5 tTiU|h4 @U|L?t
ihi M__iht U@? |_h@ M_t uLh tTiU|h4 ? L?i hi}L? |L @**L |i4 |L hi@U| |L
ii?|t ? ?i}MLh?} hi}L?t Ai @*i tTiU|h4 @t uLh M__iht t TLt|i*) ULhhi*@|i_
| L??} tTiU|h4 ? ?i}MLh?} hi}L?t d.o B@t tTTiht 4@) |h) |L LM|@? @UUitt
h}|t uLh L?i L| Lu |L |ih4?@*tc M| L*_ ?L| ?iUitt@h*) hi^hi @UUitt h}|t uLh
?i}MLh?} |ih4?@*t Ai @*i Lu i?|h) h}|t @| _gihi?| |ih4?@*t t ?iih|i*itt
TLt|i*) ULhhi*@|i_G u i?|h) h}|t @| tL4i |ih4?@*t @hi tU@hUi |i }@t ThUi @| |i
@|L?@* @*@?U?} L?| E t i TiU|i_ |L ?Uhi@ti O}ih i TiU|i_ }@t ThUit @|
|i  |i? ?Uhi@ti |i @*i Lu tU@hUi i?|h) h}|t2 W? |i tLh||ih4 @U|L?t
4*|T*i hL?_tc i@U Lgih?} T@h| Lu |i |L|@* U@T@U|)c @**L tTTiht |L ht| |h) |L
LM|@? @UUitt h}|t @| L?i |ih4?@* @?_ M_ uLh @ tiUL?_ |ih4?@* u |i h}|t |h? L| |L
Mi |LL i Ti?ti @| |i ht| |ih4?@* W? |i tLh||ih4 @U|L?t |L|@* t)t|i4 U@T@U|)
t !?L? @?_ U@T@U|) Tih |ih4?@* hL}*) Thi_i|ih4?i_ tL @**LU@|?} @ uLh| Lu |i
U@T@U|) Tih hL?_ 4@!it ti?ti W| t ?U*i@h L tU @ tUi4i UL*_ Mi @TT*i_ |L
*L?}|ih4 @U|L?tc ihi |L|@* U@T@U|) t i?_L}i?Lt |L |i @U|L? @?_ T@h|UT@|L?
? |i @U|L? hi^hit i?|h@?|t |L UL44| |L ?uh@t|hU|hi T*@?t
h tMti^i?| @?@*)tt _Lit ?L| i T*U|*) hiT*U@|i |i t}}it|i_ @U|L? 4iU@?t4c M|
tit |i Lh?L| @TThL 4@|L? 6Lh|?@|i*)c |t @TThL 4@|L? t i @U| ? Lh ti||?}
MiU@ti |i i TiU|i_ @U|L? ThUi ? @ t|@|L? | ?i|Lh! i T@?tL? ** @*@)t Mi
|i 4@h}?@* ULt| Lu ?i|Lh! i T@?tL? S AihiuLhi | tUit uLh M__iht |L tTiUu) |i
^@?||) |i) @?| |L LM|@? t?Ui |i ThUi t @*hi@_) }i? h 4L_i* t t4T*i_ ?
44Vhh Exorz dqg Nohpshuhu iru d eurdghu glvfxvvlrq1 Exorz dqg Nohpshuhu dovr vxjjhvw/ krzhyhu/
wkdw lqfuhdvhv lq vxsso| fdq plwljdwh wkh zlqqhu*v fxuvh e| lqfuhdvlqj wkh qxpehu ri zlqqhuv dqg wkhuhe|
uhprylqj ru ohvvhqlqj wkh fxuvh ri ehlqj dprqj wkh zlqqhuv ^7`1
45Wkh QES lv dq lpdjlqdu| srlqw rq wkh qhwzrun zkhuh vsrw wudghv duh pdgh1
f
|@| | _Lit ?L| U@T|hi |i _tUhi|i ?@|hi Lu U@T@U|) i T@?tL? W? @ t|@|L? |
_tUhi|i U@T@U|) i T@?tL? |i 4@h}?@* M_ U@? Mi @MLi S u ?tUi?| M_t @hi @@*@M*i
|L @**L uLh @ uh|ih t|iT Lu U@T@U|) i T@?tL?
 Ai L_i*
‘i ** ti |i h|t }@t 4@h!i| |L _itUhMi |i 4L_i* ?_ih*)?} Lh hit*|t @?)
Lu |i ttit ?L*i_ ? @? @U|L? uLh i?|h) h}|t |L |i A5 ? h|@? U@? |L Lh
?_iht|@?_?} Mi U@T|hi_ ? @ |L?L_i ti||?} L_i L?i hiThiti?|t |i Mi@Ui@_
@| 5| 6ih}t @?_ ?L_i |L |i  ,?|h) h}|t ULhhitTL?_ |L |h@?t4ttL? U@T@U|)
Mi|ii? 5| 6ih}t @?_ |i 
Ai U@T@U|) @@*@M*i uLh ?tih|?} }@t Lh i*iU|hU|) ?|L @ ?i|Lh! t }i?ih@**) @ u?U
|L? Lu |i ?i|Lt @| |i hi4@??} ?L_it OLiihc }@tL T@||ih?t ? |i Nk @hi
Thi_U|@M*i |ihiuLhi |i Uhhi?| tLh||ih4 U@T@U|) @**LU@|L? 4iU@?t4 h@|ih tUUitt
u**) tiT@h@|i_ |i @**LU@|L? Lu i?|h) h}|t uhL4 |i @**LU@|L? Lu i | h}|t ‘i uL**L
|t UL?UiT| ? |i tMti^i?| @?@*)tt U @**Lt t |L uLUt |i 4L_i* L? i?|h) h}|t
@?_ |i hL*i Lu ThL_Uiht
‘i uLUt L? @ tUi?@hL ihi UL?t|h@?|t i t| @?_ |ihiuLhi U@T@U|) i T@?tL? t hi^hi_
tU |@| |i hit*|t Lu |i *L?}|ih4 @U|L? _i|ih4?i |i |h@?t4ttL? U@T@U|) 4@_i
@@*@M*i ? tii? )i@ht |4i ‘i 4L_i* |i @**LU@|L? @?_ ?it|4i?| ThLUitt ? uLh
t|iTt | t|iT 3ihL |i hi}*@|Lh Lh |h@?t4ttL? LTih@|Lh _iU_it L? |i uh@U|L? Lu
U@T@U|) |L @**LU@|i ? |i *L?}|ih4 @U|L? W? |i ht| t|iT @UUitt h}|t @hi @U|L?i_
? |i *L?}@U|L? W? |i tiUL?_ t|iT |i |h@?t4ttL? LTih@|Lh _iU_it L 4U |L
?it| ? U@T@U|) i T@?tL? @?_ ? |i |h_ t|iT |i hi4@??} U@T@U|) t @**LU@|i_ ?
|i tLh| |ih4 @U|L?t
t t UL44L? ? 4L_i*t | @ ?4Mih Lu t|@}it i ti M@U!@h_ ?_U|L? |L ?_ |i
tL*|L? ‘i Mi}? M) ?_?} @ tL*|L? uLh t|iT c ti |t tL*|L? |L _i|ih4?i LT|4@*
@U|L?t uLh t|iT 2c @?_ ?@**)c M) !?L?} @}i?|t< Thiuihhi_ @U|L?t ? tMti^i?| hL?_tc
i U@? _i|ih4?i |i tL*|L? uLh t|iT 
46Lq wkh fxuuhqw glvfxvvlrq ri wudqvplvvlrq uljkwv lq wkh hohfwulflw| pdunhwv d vlplodu vhsdudwlrq ri hqwu|
dqg h{lw uljkwv lv vxjjhvwhg1 Zh eholhyh wkdw wkh yrodwlolw| ri hohfwulflw| rz sdwwhuqv pdnhv vxfk dq
dssurdfk lqihdvleoh1

 ihL_ |hii
@?}it Lu @@*@M*i |h@?t4ttL? U@T@U|) ? tii? )i@ht |4i @i @ |LuL*_ igiU| _
_|L?@* U@T@U|) Tih4|t @__|L?@* }@t |L L ?|L |i ?i|Lh! @?_ |ihiuLhi hi_Uit
ThUit @| |i  | |i t@4i |4i @__|L?@* U@T@U|) uhL4 5| 6ih}t |L |i 
hit*|t ? }ih _i4@?_ uLh }@t @| 5| 6ih}t @?_ ** |ihiM) ?Uhi@ti Mi@U tTL| ThUit
‘i _i?|u) |hii U@|i}Lhit Lu tTTiht EUL4T@?it |@| @hi @**Li_ |L |h@_i }@tc U
@hi _i?|i_ | _gihi?| t|h@|i}it ? *L?}|ih4 @U|L?t Ai ht| U@|i}Lh) @hi *LU@*
}@t ThL_Uihtc ,c L *@?_ @** |ih }@t uLh |i Nk @| 5| 6ih}t 5iUL?_ @hi ?@|L?@*
}@t ThL_Uihtc ?c *@?_?} @| 5| 6ih}t @?_ L|ih Nk |ih4?@*t t i @tt4i |@|
L|ih |ih4?@*t @hi ?UL?t|h@?i_ ? Lh 4L_i* @** ?L?5| 6ih}t }@t t _i*ihi_ |L |i
 Ai |h_ U@|i}Lh) UL?tt|t Lu |h@_?} UL4T@?itc |c L??} t@hit Lu |h@?t4ttL?
U@T@U|)
‘i @tt4i @ UL4Ti||i tLh| |ih4 4@h!i| uLh }@t At @tt4T|L? t tTTLh|i_ M)
|i LMtih@|L? |@| tU@hU|) ThUit Lu i?|h) U@T@U|) h}|t @| 5| 6ih}t @hi UL?|?Lt*)
} W? @ ?L?UL4Ti||i 4@h!i| ThL_Uiht *@?_?} @| 5| 6ih}t L*_ hi_Ui |ih
L|T| ? Lh_ih |L U@T|hi |i tU@hU|) hi?| O} tU@hU|) ThUit L*_ |i? L?*) Mi
LMtihi_ @| |4it i? Ah@?tUL @t |L M) M@U! i?|h) U@T@U|) h}|tc M| ?L| ? |i
4L?|*) @U|L?t
AL|@* i TiU|i_ ThL_U|L? ’ @| 5| 6ih}t ETt|hi@4 i^@*t |i |L|@* ThL_U|L? Lu ?,
t)44i|hU *LU@* ThL_Uiht E^, @?_ ?? t)44i|hU ?@|L?@* ThL_Uiht E^? O}ih Mi@U
ThUit ER 4L|@|i ThL_Uiht |L ?Uhi@ti |ih ThL_U|L? M) |i u@U|Lh
k
'
 }}hi}@|i
ThL_U|L? t @ u?U|L? Lu @}}hi}@|i ?|ihUiT| ’ ’ ?,^, n ??^? @?_ @}}hi}@|i t*LTi wc
| w ’ E?, n ??k
’ ’ ?, E^, n kR n ?? E^? n kR ’ ’n wR E
,@U ?@|L?@* ThL_Uih t uh|ih4Lhi @tt4i_ |L *@?_ ^J ?|t Lu }@t @| |i  6Lh
t4T*U|) i @tt4i |@| |t ^@?||) _Lit ?L| U@?}i | |i ThUi *ii* @| |i 
W| uL**Lt uhL4 E @?_ Lh @tt4T|L? |@| |h@?t4ttL? U@T@U|) t|@)t tU@hUi Eg ’ ’rc
|@| |i }@t ThUi @| |i Mi@U i^@*t
R ’
g ’
w
 E2
Ai _L?t|hi@4 ThUi @| |i  R_ hit*|t uhL4 4@h!i| U*i@h?} Lu ?i| _i4@?_ (
w

R_
E|L|@* _i4@?_ @|  4?t *@?_?} @| ?L?5| 6ih}t |ih4?@*t | }@t _i*ihi_ uhL4
5| 6ih}tG
R_ ’
(g
w

 E
ihi k

t |i ThUi i*@t|U|) Lu _i4@?_ ? |i _L?t|hi@4 4@h!i|
2
2 ihL_ |L
Ah@?t4ttL? U@T@U|) t i T@?_i_ tU |@| |i |L|@* @U|L?i_ U@T@U|) t i^@*t |i
@??L?Ui_ uh@U|L? Lu |L|@* U@T@U|)c tk Ai |L|@* @U|L?i_ U@T@U|) t |i t4 Lu M_t
@| Lh @MLi *L?} |ih4 4@h}?@* ULt| Lu i T@?tL? S Lu @** tTTiht t ’
S
Mt,c?c| ?+
e
g ’
t
r
’
S
Mt,c?c| ?+
r
 Ee
6Lh i @4T*ic u |i t4 Lu M_t t Hf @?_ Hf TihUi?| Lu U@T@U|) @t @U|L?i_ *L?}
|ih4 |i? |L|@* U@T@U|) 4t| Mi i T@?_i_ |L Hf
fH
’ ff tL |@| Et t @@*@M*i uLh |i
tLh||ih4 @U|L?
W? |i _tUttL? i @__hitt |i ^it|L? i|ih |i TTi*?i LTih@|Lh Ah@?tUL Lh |i
hi}*@|Lh U@? @_@T| r |L @_t| uLh _t|Lh|L?t _i |L 4@h!i| TLih
 ihL_ L?i
W? |i @U|L? @** tTTiht ULLti |i ^@?||) Lu *L?} |ih4 h}|t + ? Lh_ih |L 4@ 43i
i TiU|i_ ThL|D Ai ThL| u?U|L? uLh @ ?@|L?@* ThL_Uih i^@*t |i ?4Mih Lu h}|t
LM|@?i_ +? ? |i *L?} |ih4 @U|L? |4it |ih @*i ? |i tTL| 4@h!i| At @*i
i^@*t |i ThUi _gihi?Ui ? |i tTL| 4@h!i|t R_ R 4?t |i ThUi S |L Mi T@_ uLh |i
h}|t Ai ?@|L?@* ThL_Uih uh|ih4Lhi ti**t ^? ? |i Tt|hi@4 4@h!i| @?_ ^f ? |i
_L?t|hi@4 4@h!i|
Z? ’ +? ER_  R  S n E^? n kR R n ^fR_ ED
47Wkh fxuuhqwo| sursrvhg dxfwlrq ghvljq vhwv d uhvhuyh sulfh ri 3=; wlphv orqj whup pdujlqdo frvw f1 Wklv
fuhdwhv dq dgglwlrqdo lqfhqwlyh wr xqghuvwdwh fdsdflw| uhtxluhphqwv1 Li lq *uhdolw|* d vpdoo h{sdqvlrq zrxog
eh uhtxluhg dqg wkhuhiruh wkh pdunhw fohdulqj sulfh lq wkh dxfwlrq zrxog eh f/ wkhq pdunhw sduwlflsdqwv
zlwk pdunhw srzhu zloo uhgxfh wkhlu elgglqj yroxph wr sxvk wkh orqj0whup dxfwlrq sulfh wr 3=;f dqg
uhwdlq surwv ri 3=5f zkhq wkh uhdo vfduflw| ydoxh uhdolvhv lq shulrg wkuhh1 Krzhyhu/ wkh fxuuhqw dqdo|vlv
lv uhvwulfwhg wr d vlwxdwlrq zkhuh fdsdflw| h{sdqvlrq rffxuv1
48Zkhq prghoolqj pdunhwv zlwk d krprjhqhrxv jrrg olnh wkh dffhvv uljkwv/ wkh edvlf dssurdfkhv duh
hlwkhu Ehuwudq ru Frxuqrw prghov1 Lq d Ehuwudq prgho upv duh eholhyhg wr vhw d sulfh iru wkh jrrg wkh|
duh vhoolqj dqg vxevhtxhqwo| fxvwrphuv ex| wkh fkhdshvw jrrg1 H{shulhqfh lq wkh odvw |hduv vkrzhg wkdw
fxvwrphuv duh uhoxfwdqw wr vzlwfk jdv vxssolhuv hyhq lq wkh suhvhqfh ri sulfh glhuhqfhv1 Wklv revhuydwlrq
grhv qrw vxssruw wkh dssolfdwlrq ri d Ehuwudq prgho1 Dowhuqdwlyho| d Frxuqrw dssurdfk dvvxphv wkdw
sulfh hyroyhv xqwlo vxsso| pdwfkhv ghpdqg1 Li d vfduflw| ri wudqvplvvlrq fdsdflw| h{lvwv wkhq vklsshuv zloo
mrlqwo| lqfuhdvh sulfhv xqwlo ghpdqg iru wudqvplvvlrq kdv uhgxfhg wr wkh dydlodeoh fdsdflw|1 Wkh fkrlfh
yduldeoh ri frpsdqlhv lv wkhuhiruh wkh fdsdflw| |l wr surylgh iru vklsslqj1

Ai 6 | hitTiU| |L + }it |i LT|4@* ^@?||) |L Mi LM|@?i_ ? |i @U|L? L|i
|@| t t |i t4 Lu @** + ‘i !iiT t @| |i h}| @?_ t_i |L t4T*u) |i tMti^i?|
U@*U*@|L?
+? ’

r 2k
w

’n r(  rwS ^f n ^?
 n 
n

2k
rw E n 
 

t ES
 *LU@* ThL_Uih _Lit ?L| ti** }@t @| |i c |ihiuLhi i ti| ^f ’ f @?_ LM|@? uhL4 ES
+, ’

r 2k
w

’n r(  rwSn ^,
 n 
n

2k
rw E n 
 

t E.
6?@**) i @ttitt |h@_?} UL4T@?it |@| _L ?L| ThL_Ui @?) }@t 5i||?} ^? ’ ^f ’ k ’ f
? ES }it |i ^@?||) |h@_iht M_ uLh ? |i @U|L?G
+| ’
r’n r(  rwS
 n 
 t EH
e AL|@* U@T@U|) ThL_i_
‘i U@? ?L U@*U*@|i |L|@* U@T@U|) hi^it|i_ ? |i @U|L? ‘i ti |i _i?|L? Lu
|L|@* @U|L?i_ U@T@U|) t ’
S
Mt?c,c| ?+ @?_ tMt|||i +

t uhL4 i^@|L?t ESc E. @?_
EH Ai? i ti ’ ’ ??^? n ?,^, @UULh_?} |L E @?_ ti| ?? n ?, n ?| ’  |L LM|@?
t@S|J? ’

 n  2
rEn
 Er’n r(  rwS ??^f ’
 n 
 Eb
AL @**L uLh UL4T@htL? i ?ii_ |L !?L |i ^@?||) Lu |h@?t4ttL? U@T@U|) ThL_i_
uLh M) @ tLU@* i*u@hi T*@??ih Oi ThL_it uLh tUi?| U@T@U|) tU |@| |i 4@h}?@*
@*i Lu @__|L?@* |h@?t4ttL? U@T@U|) R_ R i^@*t ?| i T@?tL? ULt|t S At }it
tJR| ’
r’n r(  rSw
 n 
 Ef
L4T@h?} t@S|J? @?_ tJR| i LM|@?
t@S|J?  tJR| ’
tJR|

2
r
 E n 

 ??^f ’
E n E n  2
r
 E
W| uL**Lt |@| ?tUi?| U@T@U|) t ThL_i_ uLh Et@S|J?  tJR| 	 f u ?@|L?@* }@t
ThL_Uiht< L|T| @| |i ?@|L?@* M@*@?U?} TL?| ELh L|ih ?UL?t|h@?| |ih4?@*t hi*@|i
|L |L|@* L|T| @| |i UL?t|h@?| |ih4?@* E5| 6ih}t t M}}ih |@? |i uL**L?} @*iG
??^J
’
:



tJR|
’

2
r
 E n 

 

E2
e
Wu tJR|
'


2
r
3En
|i? i LM|@? ?tUi?| ?it|4i?| Et@S|J? 	 tJR| ii? uLh ^f ’ fc
U 4T*it |@| i _L ?L| ii? ?ii_ ?@|L?@* ThL_Uiht uLh ?_ih?it|4i?| |L LUUh
wLU@* ThL_Uiht ?_ihUL?|h@U| ? |i *L?} |ih4 @U|L? ? Lh_ih |L hi_Ui @@*@M*i
U@T@U|) |L@h_t  @?_ ?Uhi@ti  ThUit @?_ |ihiuLhi |i @*i Lu |ih hi4@??}
*L?}|ih4 @UUitt h}|t
Ai ?4Mih ?| Lu |h@_iht _Lit ?L| U@?}i |i ^@*|@|i hit*| OLiihc ? i^@|L?
E 4Lhi |h@_iht hi_Uit |i _gihi?Ui Mi|ii? t@S|J?  tJR| @?_ |ihiM) ?Uhi@ti |i
4@|U Mi|ii? @U|L? hit*| @?_ tLU@* i*u@hi 4@ 43iht t}}it|L?
D ,?|h) ULt| uLh |h@_iht
? ?Uhi@ti ? |i ?4Mih Lu |h@_iht hi_Uit |i ThL| |L Mi 4@_i M) i@U |h@_ih ? |L
@)t 6ht|c | hi_Uit |i _gihi?Ui Mi|ii? @U|L?i_ U@T@U|) @?_ LT|4@* U@T@U|)c
|ihiM) hi_U?} |i ThL|t |L Mi 4@_i L? i@U ?| Lu U@T@U|) 5iUL?_*) | hi_Uit |i
4@h!i| t@hi Lu i@U |h@_ih 6Lh @ }i? ?4Mih Lu |h@_iht i U@? U@*U*@|i |i ThL|
i@U |h@_ih LM|@?tG uhL4 ED ti| ^f ’ ^? ’ f( tMt|||i +| uhL4 EH( tMt|||i R_ @?_ R
uhL4 E @?_ E2( tMt|||i g uhL4 Eec @?_ ti| t ’ t@S|J? uhL4 EbG
Z|E?| ’
r
w E n 
3
C

 2
rEn

Er’n r(  rwS n ??
^f
r
n '
r
 n  2
rEn
4
D
2
E
Ai i^*Mh4 ?4Mih Lu |h@_iht ?| t @Uii_ u @** |h@_iht 4@!i TLt|i ThL| *i
@?) @__|L?@* |h@_ih L*_ ?L| Mi @M*i |L ULih  i_ i?|h) ULt|t SG
Z|E?| n  	 S  Z|E?| Ee
6hL4 i^@|L? Eqq | uL**Lt uLh ?| |@| Z|E?| 

n??n?,n?|
@?_ t?} Ee }it uLh
|i i^*Mh4 ?4Mih Lu |h@_iht  n ?? n ?, n ?| 
t

S
 Ai |L|@* ?4Mih Lu 4@h!i|
T@h|UT@?|t ?Uhi@tit L?*) | |i hLL| Lu |i hi_U|L? ? ULt|t wLL!?} @| i^@|L?
E |t tLt |@| uLh @ hi_U|L? Lu u@U|Lh |L Lu |i 4t4@|U Mi|ii? @U|L?i_
U@T@U|) @?_ LT|4@* U@T@U|) |L Mi @U|L?i_c S @t |L Mi hi_Ui_ M) |i u@U|Lh Lu uLh
t S _Lit ?iih @TThL@U fc ?*itt |h@_iht @hi tMt_3i_c |h@_iht ** ?L| ThL_i uLh
TihuiU| @hM|h@}i
D
e #tUttL?
W? |i ThiLt tiU|L? i _ii*LTi_ @ 4L_i* |L **t|h@|i |i igiU| Lu t|h@|i}U Mi@Lh Lu
M__iht u |i @U|L? hit*|t @hi ti_ |L _iU_i L? |h@?t4ttL? U@T@U|) i T@?tL? Ai
L?*) T@h@4i|ih |L Mi ULti? M) |i hi}*@|Lh Lh |h@?t4ttL? LTih@|Lh @t |i uh@U|L?
r Lu U@T@U|) h}|t |L Mi @**LU@|i_ ? |i *L?}|ih4 @U|L? W? |i ?i | |hii tiU|L?t
i ** @tt4i |@| |i |h@?t4ttL? LTih@|Lh tit @** TM*U*) @@*@M*i ?uLh4@|L? |L
ULti |i LT|4@* r ? t|iT 3ihL ? Lh_ih |L @Uii |i Mit| 4@|U Mi|ii? |h@?t4ttL?
U@T@U|) ThL_i_ @?_ |h@?t4ttL? U@T@U|) hi^hi_
‘i tL |@| @ ?^i iUi?| r _Lit ?L| i t| MiU@ti Lu |i UL4Ti|?} LMiU|it Lu |i
@U|L?  _gihi?| r |L Mi ULti? |L t@|tu) i@U Lu |hii hi*i@?| Uh|ih@ W? tiU|L? 
i tL |@| | u** ?uLh4@|L? r% ** ThL_i uLh |i ULhhiU| @4L?| Lu ?it|4i?|
OLiihc @t i tL ? tiU|L? 2c rW U ? }i?ih@* _giht uhL4 r% @t |L Mi ULti? u
@__|L?@* Th@|i ?uLh4@|L? t |L Mi hii@*i_ |h|u**) 5iU|L?  tLt |@| @ |h_
@*ic rfc tL*_ Mi ULti? u |i }L@* t |L 4?43i ?i|Lh! ?|ih@U|L?t _i |L Th@|i
?uLh4@|L? Lu ?@|L?@* ThL_Uiht @ML| |ih ThL_U|L? ? L|ih T@h|t Lu |i UL?|h)
W? tiU|L? ee i _tUtt |i 4ih|t Lu @? @TThL@U |L U@?}i r _h?} |i ThLUi_hi At
L*_ @**L |i @U|L?iih |L @Uii |L L| Lu |i |hii ThiLt }L@*tc M| U@?}?} r
** _it|hL) |i hiT|@|L? Lu |i @U|L?iih @?_ |ihiuLhi ?|ihuihi | u|hi @U|L?t
6?@**)c ? tiU|L? eD i @?@*)3i i|ih _i@|L?t Lu Lh?L| i^*Mh4 @hi ui@tM*i
e T|4@* r{ |L @L_ M@ti_ U@T@U|) ThLtL?
,^@|L? E t}}it|t |@| i U@? ULLti r ? Lh_ih |L 4@|U t@S|J? @?_ tJR| At
L*_ ?L*i ti||?}
r% ’

 n 

2
’n ??^f
gJR|

 ED
6Lh @? TTih *4| |L r% i @tt4i |@| ?@|L?@* @?_ *LU@* ThL_Uiht @i @? i^@* t@hi
? L|T| @| 5| 6ih}t ‘i uh|ih4Lhi @tt4i |@| L|T| Lu ?@|L?@* ThL_Uiht @|
|i  i^@*t |L|@* ThL_U|L? @| 5| 6ih}t ??^f ’ ’ hUi i*@t|U|) @| 5| 6ih}t
t  ’ * Lu  @?_ ? |i *L?} h? i^*Mh4 gJR|  ’ ‘i LM|@? r% q

2
 ?*)
u i @U|*) |i uh@U|L? r% Lu |L|@* U@T@U|) t Lgihi_ ? |i *L?}|ih4 @U|L? |i? |i
_t|Lh|L?t Lu ?__@* M__iht U@?Ui* i@U L|ih @?_ ? |i Thiti?Ui Lu u** ?uLh4@|L?
|i @TThLTh@|i @4L?| Lu U@T@U|) t ThL_i_ M) |i *L?}|ih4 @U|L?
S
e2 T|4@* r |L @Uii hii*@|L? Lu Th@|i ?uLh4@|L?
W? |i ThiLt tiU|L? i @?@*)3i_ |i igiU| Lu r L? |i u|hi ?it|4i?|c @tt4?} |@|
@** ?uLh4@|L? @t TM*U*) t@hi_ L i ?ULhTLh@|i |i igiU| |@| ThL_Uiht @i
@__|L?@**) | |ih Th@|i ?uLh4@|L? Ai ThTLti Lu |i @U|L? t |L hii@* tU
?uLh4@|L? ? Lh_ih |L ThL_i uLh |i LT|4@* @4L?| Lu U@T@U|) OLiihc ThL_Uiht
L?*) uLUt L? |ih ?__@* ThL| Ai U@*U*@|L? tLt |@| |i hit*| t |@| |i)
t@**) _L ?L| TihuiU|*) hii@* |ih Th@|i ?uLh4@|L? +ih|?} ES |L i?thi |@| +?
L?*) @TTi@ht L? |i *iu| @?_ t_i i LM|@?G
+? ’

r 2k
w

’n r( rwS ^f n ^?
2 E n  2k
rw
n
2k
rwEn
 
2 2k
rwEn
Et  +? ES
*i@ti ?L|ic |@| t t |i t4 Lih @** + @?_ |ihiuLhi t  +? _Lit ?L| UL?|@? |i +? i
@hi U@*U*@|?}
‘i @?| |L !?L M) L 4U @ ?@|L?@* tTTih U@?}it t M_ ? |i *L?} |ih4 @U|L?c
u t Th@|i t}?@* U@?}it *i @** L|ih T*@)iht hi|@? |ih t}?@* #gihi?|@|?} ES
| hitTiU| |L ^? i LM|@?
Y+?
Y^?
’
r 2k
w
n 
2 E n  2k
rw
E.
Ai @U|L?iih @?|UT@|it L tTTiht U@?}i |ih M_t M@ti_ L? |ih Th@|i ?uLh
4@|L? ^? @?_ ?|i?_t |L ULLti |i LT|4@* r
W tU |@| |i ThL_i_ U@T@U|) 4@|Uit
|i @__|L?@*%hi_Ui_ hi^hi4i?|t Nt?} |i ?it|4i?| UL?_|L? ? i^@|L? Ee i
U@*U*@|i |i i TiU|i_ igiU| Lu Th@|i ?uLh4@|L? L? |i ?@* @**LU@|L?G
Yg
Y^?
’

r
Y+?
Y^?
’
r 2k
w
n 
2r E n  2k
w
EH
W? |i LT|4@* tUi?@hL |i t)t|i4 LTih@|Lh @?|t |L i?thi |@| tTTiht M__?} @UULh_
?} |L |ih Th@|i ?uLh4@|L? hit*|t ? |i t@4i U@T@U|) i T@?tL? @t L*_ @i Mii?
t}}it|i_ M) |i LT|4@* T*@???} UL?_|L? Ef Yg
Y^?
’ 
n
@?_ ULti
rW ’ 
2k
w E n 
’ 
2
E?? n ?, E n 
Wu i @tt4i |@| |L ?@|L?@* @?_ |L *LU@* ThL_Uiht _L4?@|i ThL_U|L? @| 5| 6ih}t
|i? i LM|@? |i LT|4@* rW ’ fH.D 5ii }hi Ee
.
0.6
0.8
1
1.2
1.4
0.4 0.5 0.6 0.7 0.8 0.9 1 s
Capacity auction
Optimal capacity
no distortions under
full information
reveal private
upstream
information
reveal private
downstream
information
(network effect)
sx s
*s0
6}hi eG tt4?} |i @U|L?iih UL*_ TihuLh4 |i @MLi U@*U*@|L?t |L _i|ih4?i |i
LT|4@* rc |i? i L*_ @i |L UL4ThL4ti Mi|ii? |hii _gihi?| @*it Lu rAi) @hi
LT|4@* _iTi?_i?| L? i|ih i TiU|i_ M@t t |L Mi i*4?@|i_ Er%c |h|u* hii*@|L?
Lu @__|L?@* ?uLh4@|L? t |L Mi @Uii_ ErW Lh ?|ihuihi?Ui _i |L |i ?i|Lh! t |L Mi
4?4ti_ Erf
H
e T|4@* r3 |L 4?43i _t|Lh|L?t |hL} ?i|Lh! igiU|t
Ai @U|L? hit*| t uh|ih4Lhi _t|Lh|i_ M) U@?}it ? i TiU|i_ L|T| Lu ?@|L?@*
ThL_Uiht ^f @| |ih4?@*t L|ih |@? |i |ih4?@* i @hi UL?Uih?i_ @ML| UULh_?} |L
ES i LM|@?
Yg
Y^f
’

r
Y+?
Y^f
’

2r E n  2
E??n?,
Eb
?Ui @}@? i hi^hi |@| |i U@T@U|) U@?}i ? |i @U|L? i^@*t |i U@T@U|) U@?}i
4T*i4i?|i_ M) @ ?uLh4i_ hi}*@|Lhc @?_ LM|@? @UULh_?} EfG
Yg
Y^f

YgJR|
Y^f
’ 
YgJR|
Y(
’ 

 n 
E2f
L4M??} Eb @?_ E2f i LM|@? @? |i i^@|L? uLh |i LT|4@* rfG
rf ’

2
n

E n  E?? n ?,
E2
Nt?} |i ThiLt T@h@4i|ih @*it }it rf ’ fSb Ai }ih |i L|T| Lu ?@|L?@*
ThL_Uiht t Tt|hi@4c |i }ih U@? r Mi Wu r 	 rf |i? ?@|L?@* ThL_Uiht Th@|i
?uLh4@|L? @ML| U@?}it Lu |ih u|hi _L?t|hi@4 L|T| hit*|t ? i Uitti @_@T|L?
|L |h@?t4ttL? U@T@U|)c @?_ r : rf 4T*it |LL *||*i hii*@|L? Lu Th@|i ?uLh4@|L?
ee @? r Mi U@?}i_ ? t|iT 2q
? @*|ih?@|i @TThL@U |L LT|43i |i @U|L? L|UL4i L*_ Mi |L ti** @ uh@U|L? r ’ r
W
Lu |L|@* @UUitt h}|t ? |i ?|@* @U|L? |L @**L uLh u** hii*@|L? Lu Th@|i ?uLh4@|L?
W? t|iT |L |i 4@h!i| TLih _t|Lh|L?t UL*_ Mi ULhhiU|i_ M) @TT*)?} @? r2 |@| _giht
uhL4 |i r @??L?Ui_ _h?} |i @U|L? ThLUitt *|ih?@|i*) } r ’ rf UL*_ Mi
?|@**) ULti? |L u**) U@T|hi Th@|i ?uLh4@|L? uhL4 ?@|L?@* tTTiht @ML| U@?}it
? L|T| _L?t|hi@4 @?_ t)t|i4@|U M@t uhL4 4@h!i| TLih ULhhiU|i_ uLh @| t|iT 2
OLiihc |i tMti^i?| U@?}i Lu r |L@h_t r2 ? t|iT |L L*_ ?L| Mi i*UL4i_ M)
|i 4@h!i|c @?_ t ?ui@tM*i ? @?) hiTi@|i_ }@4ic @t tL? M) i Tihi?Ui uhL4 ?@|L?
|@h}i|?} Lu Ui?|h@* M@?!t i?|h@* @?!t *!i |L ?Uhi@ti |i @4L?| Lu 4L?i) UhU*@|?}
? |i iUL?L4) ? Lh_ih |L t|4*@|i |i iUL?L4)G Lhi 4L?i) @**Lt @}i?|t |L M) 4Lhi
tihUitc U hit*|t ? 4Lhi ThL_U|L? i|U | u @}i?|t @?|UT@|i @__|L?@* 4L?i)
|L Mi UhU*@|i_ ? |i iUL?L4) |i? |i) ** ?Uhi@ti ThUit @?_ @}it W? i^*Mh4
|i @__|L?@* 4L?i) tti_ M) |i i?|h@* @?! t 4@|Ui_ M) }ih ThUit tU |@| |i
@4L?| Lu tihUit @?_ ThL_U|t ML}| t|@)t UL?t|@?| Ai L?*) hit*| Lu |i iUL?L4U
b
@4M|L?t Lu |i i?|h@* @?! t ?@|L? AihiuLhi 4Lt| i?|h@* @?!t |@| @hi i@_i_
M) UL?tih@|i M@?!iht @hi Mi*ii_ |L @i *||*i ?|ihit| ? t|4*@|?} |i iUL?L4) M|
t}?U@?| ?|ihit| ? 4@?|@??} *L ?@|L? 5U i?|h@* @?!iht ** L?*) ?Uhi@ti
|i L*4i Lu 4L?i) tti_ @t @ hit*| Lu ii?|t |@| @hi ?@?|UT@|i_ M) @** T*@)iht Wu @
i?|h@* @?!ih ** ?Uhi@ti |i 4L?i) L*4i 4Lhi |@? ThiLt*) @??L?Ui_ ? Lh_ih
|L t|4*@|i |i iUL?L4) i @?_ |i M@?! *LLtit |i Uhi_M*|) @t @ UL?tih@|i M@?!ih
W? |i u|hi 4@h!i|t ** @?|UT@|i t4*@h Mi@Lh @?_ u|hi ?@|L? ** Mi }ih
At i Tihi?Ui ULhhitTL?_t |L |i @U|L?iih<t _iUtL? ThLUitt Ah@?tUL @??L?Uit |i
u@U|Lh r |L ?uLh4 tTTiht @ML| |i *?! Mi|ii? @U|L? hit*|t @?_ U@T@U|) i T@?tL?
5TTiht M_ ? |i @U|L? M@ti_ L? |ih Mi*iut @ML| tMti^i?|*) U@T@U|) ?it|4i?|t
Ai @U|L?iih U@? _i@|i L?Ui uhL4 |i @??L?Ui_ r M| ? @** tMti^i?| )i@ht tTTiht
** @?|UT@|i tU Mi@Lh @?_ ?U*_i | ? |i M__?} t|h@|i})
eD #@?}ih Lu uLhiU*Lthi
@? tTTiht hitihi i Uitti U@T@U|) ? |i *L?}|ih4 4@h!i| tU |@| UL4Ti||Lht
U@??L| LM|@? tUi?| U@T@U|) ? |i tTL| 4@h!i|q 6@Ui_ | tLh|@}i Lu |h@?t4ttL?
U@T@U|) ? |i tTL| 4@h!i| UL4Ti||Lht L*_ *@} }hL| TL|i?|@* Lh ii? @i |L _iu@*|
L? i t|?} UL?|h@U|t Wu tU @ tUi?@hL ihi hi@*t|U | L*_ 4T*) |@| @** tTTiht
@4T*) UL?|h@U| ? |i *L?}|ih4 @U|L? |L i?thi tUi?| U@T@U|) ** Mi @@*@M*i uLh
|ih L? ?ii_t Lh |L uLhiU*Lti UL4Ti||Lht ‘i Mi*ii |@| tU @ tUi?@hL t ?*!i*)
uLh |i uL**L?} |hii hi@tL?t
6ht|c |L*_?} |h@?t4ttL? U@T@U|) t _U*| 6Lh @ ThL_Uih tU @t @ }i?ih@
|Lh |L*_?} L|T| MiU@ti UL4Ti||L? @|Lh|it @i ThLM*i4t @||hM|?} tU
Mi@Lh |L ?|i?|L?@* 4@h!i| 4@?T*@|L?S 6Lh |i L?ih Lu |h@?t4ttL? U@T@U|)
|L*_?} L|T| Eic U@T@U|) h}|t t 4Lhi _U*| t?Ui |t Mi@Lh U@? Mi LM
tihi_ @?_ ihi_ M) |i UL4Ti||L? @|Lh|it
5iUL?_c i 4i?|L?i_ @| |i Mi}???} |@| i @tt4i |@| |i |h@?t4ttL? LTih@|Lh
Ah@?tUL ** 4@!i @ t}?U@?| uh@U|L? E  r Lu |h@?t4ttL? U@T@U|) @@*@M*i ? |i
tLh||ih4 |4i uh@4i Lu @ )i@h Lh *itt  |i 4@? 4L|@|L? Mi?} |i tTTLh| Lu TL|i?|@*
i?|h@?|tc M| uh|ih4Lhi @**L?} |L Thii?| uLhiU*Lthi At @__|L?@* U@T@U|) 4@!it
uLhiU*Lthi ? |i *L?}|ih4 4@h!i| UL?|ihThL_U|i t?Ui Lih UL?|h@U|?} t}?@*t |i
?ii_ uLh 4Lhi ?it|4i?| U 4@!it 4Lhi E?L| *itt U@T@U|) @@*@M*i ? tLh| |ih4
4@h!i|t
49H{shulhqfh lq wkh Fdoliruqld hohfwulflw| pdunhw lqglfdwhv wkdw lw lv kdug wr glhuhqwldwh ehwzhhq hohf0
wulflw| jhqhudwruv zlwkkroglqj fdsdflw| dqg sodqqhg rxwdjhv iru uhylvlrq ru euhdngrzqv +Mrvnrz dqg
Ndkq^<`,1
2f
 |h_ @h}4i?| t hi*@|i_ |L Lh ThiLt 4L_i* ‘i @?@*)3i_ tTTiht< t|h@|i}it
| @ Lh?L| 4L_i* |L i?thi |@| t4@** ?*@|ih@* _i@|L?t @hi ?L| ThL|@M*i |
L*_ @ *@h}i _i@|L? M) tTTihc hi^it|?} @ *@h}i ^@?||) ? |i uLh@h_4@h!i|c Mi
ThL|@M*iq At tTTih UL*_ |i? |h) |L uLhiU*Lti UL4Ti||Lht ? |i tTL| 4@h!i|
5U @ _i@|L? tii4t ?*!i*) ‘i 4i?|L?i_ @MLi |i _U*|it Lu uLhiU*Lthi ? @?
i@t*) UL?|hL**@M*i 4@h!i|( ? @__|L? |L |t UL4Ti||Lht L*_ LMtihi |i Mi@Lh Lu
|i _i@|?} tTTih uLh i @4T*i M) @?@*)3?} |i @}}hi}@|i U@T@U|) M_t ? |i *L?}
|ih4 @U|L? Wu UL4Ti||Lht ihi Lhhi_ @ML| Mi?} U|4 Lu tU @ uLhiU*Lthi ?
|i u|hi |i) L*_ hii@* |ih ?uLh4@|L? |L |i @U|L?iihc |i hi}*@|Lh Lh |i
UL4Ti||L? @|Lh|) @ti_ L? |t ?uLh4@|L? |i @U|L?iih UL*_ hii@*@|i @?_
hi_iU_i L? |i ?it|4i?| @?_ @**LU@|L? t|h@|i})
D L?U*tL?
5Lh||ih4 @U|L?t uLh @UUitt |L |ih4?@*t Lu |i h|t }@t?i|Lh! @i Mii? ti_ t?Ui
5iT|i4Mih bbb @?_ @TTi@h |L tUUittu**) @**LU@|i tU@hUi hitLhUit @?_ U@T|hi tU@hU|)
hi?| L *L?}|ih4 @U|L?t @hi Mi?} ?|hL_Ui_ |L }_i u|hi U@T@U|) i T@?tL?
_iUtL?t
W| t 4TLh|@?| uLh UL4Ti||L? |@| tL4i @UUitt h}|t Mi 4@_i @@*@M*i ? tTL| 4@h!i|t
W? Lh 4L_i* |i uh@U|L? Lu |L|@* h}|t tti_ ? |i *L?}|ih4 @U|L? |h?t L| |L Mi @
UhU@* _it}? T@h@4i|ih ,i? @ )TL|i|U@**) LT|4@* T@h@4i|ih ULUi U@? ? }i?ih@*
L?*) t@|tu) L?i Lu |hii UL4Ti|?} @4tG ?M@ti_ ThLtL? Lu U@T@U|)c u** hii*@|L? Lu
Th@|i ?uLh4@|L?c @?_ 4?43@|L? Lu _t|Lh|L?t uhL4 ?i|Lh! igiU|t B@t ?_t|hit
@hi U@h@U|ih3i_ M) @t)44i|hU @}i?|t L ThL_Ui @?_ ti** @| _gihi?| TL?|t L? |i
?i|Lh! W? |t ti||?}c Th@|i ?uLh4@|L? @ML| ThL_U|L? U@? }i ?Ui?|it uLh Lih
Lh ?_ih ?it|4i?| _iTi?_?} L? |i ThLTLh|L? Lu U@T@U|) hitihi_ uLh tTL| 4@h!i|t
?i @*|ih?@|i |L *L?}|ih4 @U|L?t t @ hi}*@|Lh) @TThLi_ _iUtL? @ML| U@T@U|)
i T@?tL? M) |i |h@?t4ttL? L?ih At _iUtL? L*_ Mi M@ti_ L? |i t@4i TM*U*)
@@*@M*i ?uLh4@|L? @t |i _iUtL? @ML| |i LT|4@* rc M| L*_ ?L| Mi ?i?Ui_
M) Th@|i*) i*_ ?uLh4@|L? @?_ L*_ UL?ti^i?|*) Mi *itt ThL?i |L ihhLh U@ti_ M)
?uLh4@|L? @ML| ThL_U|L? @| L|ih i?|h) |ih4?@*t hL_Uiht L*_ Mi **?} |L hi
i@* Th@|i ?uLh4@|L? @ML| i TiU|i_ L|T| }hL| MiU@ti @__|L?@* U@T@U|) L*_
?Uhi@ti |i @*i Lu |ih L|T| @?_ |i) L*_ ?L| u@Ui |i @h|U@*< ?Ui?|i |L Tt
T |i @*i Lu |ih *L?}|ih4 i?|h) h}|t M) |L*_?} ?uLh4@|L? OLiihc tTTiht
4}| Liht|@|i U@T@U|) hi^hi4i?|t |L hi_Ui ht! Lu UL?}it|L?c ? Lh_ih |L ?Uhi@ti
|i i TiU|i_ @*i Lu |ih }@t
2
h t4T*i 4L_i* _Lit ?L| @**L uLh @ UL4Thii?ti @?@*)tt Lu |i |h@_iLg Mi|ii?
hi}*@|Lh) @TThLi_ U@T@U|) i T@?tL? @?_ i T@?tL? M@ti_ L? @U|L? hit*|t OLiihc
| t}}it|t |@| ?it|4i?| M@t @?_ |L*_?} Lu Th@|i ?uLh4@|L? U@? Mi @ t}?U@?|
_h@M@U! Lu *L?}|ih4 @U|L?t
+iuihi?Uit
do @?i* ?}i* M_@*@ @?_ ?_hit @4ML*i)hL? Ah@?t4ttL? ?it|4i?| ? UL4
Ti||i TLih t)t|i4t h@|itiU|Lh  ‘Lh*_M@?!c bbb
d2o ki?|  ?_ihtL? @?_ 4) U@h|) Ah@?t4ttL? ThU?} @?_ i T@?tL? 4i|L_
L*L})G *ittL?t uhL4 @h}i?|?@ N|*|it L*U)c HGbb2c bbb
do @h! h4t|hL?}c 54L? L@?c @?_ aL? VU!iht +i}*@|Lh) +iuLh4c ,UL?L4U
?@*)tt @?_ h|t , Tihi?Ui @4Mh_}i @tt@Uti||tc bbe
deo aihi4) *L @?_ @* k*i4Tihih hUit @?_ |i ??ih<t Uhti ‘Lh!?} @Tihc
2ff
dDo a@4it  t?i** @?_ 5|ii? 5|Lu| ,*iU|hU }h_ ?it|4i?| ?_ih @ UL?|h@U| hi}4i
aLh?@* Lu +i}*@|Lh) ,UL?L4Utc fGS.bc bbS
dSo @h|@ #@t}T|@ @?_ ,hU 5 @t!? ,Ui?| @U|L?t "@h|ih*)aLh?@*Lu
,UL?L4Utc @h|@GeHHc 2fff
d.o *TTi aii* @?_ i??) L*_L@? ,Ui?| _it}? | ?|ih_iTi?_i?| @*@
|L?t ,UL?L4i|hU@c SbEDG2.Dbc 2ff
dHo *TTi aii*c i??) L*_L@?c @?_ ,??L 5|@UUi|| *|_4i?tL?@* 4iU@
?t4 _it}? uLh @U|L?t | i |ih?@*|it aLh?@* Lu ,UL?L4U AiLh)c HDG2DH2bc
bbb
dbo @* aLt!L @?_ ,_@h_ k@?  ^@?||@|i @?@*)tt Lu ThU?} Mi@Lh ?
U@*uLh?@<t L*it@*i i*iU|hU|) 4@h!i| _h?} t44ih 2fff ‘Lh!?} T@Tihc L
2c 2fff
dfo AL4@t*ih wi@|ih +i}*@|L? Lu @? i*iU|hU|) TLih |h@?t4ttL? UL4T@?)
Ai ,?ih}) aLh?@*c VL* 2c L eGSbc 2fff
do ki? U@Mic 5|iTi? +@tti?|c @?_ Vih?L?| 54| #it}??} t4@h| UL4T|ih
@ttt|i_ 4@h!i|t ,hLTi@? aLh?@* Lu L*|U@* ,UL?L4)c Dc bHb
22
d2o A@?}@ U#@?i* @?_ k@ht|i? iLg U|L?t |L }@t |h@?t4ttL? @UUittG Ai
Mh|t i Tihi?Ui ‘Lh!?} @Tihc 2ff2
do @* + *}hL4 @?_ +LMih| a ‘iMih  |iLh) Lu @U|L?t @?_ UL4Ti||i M__?}
,UL?L4i|hU@c DfGfHb22c bH2
deo #@_  iMih) L4Ti||L?c UL?|h@U|tc @?_ i?|h) ? |i i*iU|hU|) tTL| 4@h!i|
+# aLh?@* Lu ,UL?L4Utc 2b EeG.2S.ebc bbH
dDo #iT@h|4i?| Lu Ah@_i @?_ Nk W?_t|h) B@tG  UL?t*|@|L? L? UL?Uih?t @ML| }@t
ThUit @?_ TLttM*i 4ThLi4i?|t |L 4@h!i| iUi?U) 2ff
dSo BLh_L?  **Tt @?_ +LMih| a ‘i?ih W?uLh4@|L? @?_ ?Lh4@* M@U!@h_@|L? @t
_i|ih4?@?|t Lu |h@_?} TihuLh4@?UiG ,_i?Ui uhL4 ?Lh| ti@ L* uLh@h_ 4@h!i|
Ai ,UL?L4U aLh?@*c feG.SbDc bbe
d.o @h*it + *L|| w@MLh@|Lh) i Tih4i?|@* |it|Mi_tG TT*U@|L? |L |i TUt @U|L?
aLh?@* Lu ,UL?L4Ut @?_ @?@}i4i?| 5|h@|i})c VL* S h GSfDSHc bb.
dHo @*Lt V@3^i3c Ui* +ihc @?_ W}?@UL a ihi3hh@}@  4@h!i| @TThL@U |L
*L?}|ih4 tiUh|) Lu tTT*) WWA ‘Lh!?} @Tihc @hUc 2ff
2
